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(54) CnoCOB nO-fiy4EHH5I METAJMH- 
MECKMX nOPOOJKOB 

(57) npOBtWicy N3 HMCTtlX MCTaJMOB (Aj, Cu, 

W. Mo. Ni, Fe, Co. Ti. Pt, In m Ag h rjxS 
wiH H3 paanHMHHx cii;i;.BOB ho;;aKxr b aaaop - 
Mc^y xiCKTpoAaMH iienpepHBMo c noMombw ' 
BajiKOB B reoMcrpHMecicyio Kawepy. kotop>to 
npcaBapHTcisMo BaKyyMHpyxrr h HanonHBioT 
aaoTOM. BapuB ocymcGTBjisncyT b aT*ioc4)cpc 
aaora npn flaBjicMMM, npeBuaiaiQmeM 13,3 fla ' 

npHMeHCHMC M306pCTCHHa II03Ba;i»er nOBMCHTB 
IWOUWb yflCJlbMOft DOBCpXHOCTM DOpOUUCa k ? v 

yMCHbniMTb saTpaxM Ha cro.npoHiBQocrio. ^iM 



rA — 



<J>Mr.1 



2120353 



H3o6pcTemic othocmtcji k o6.iacTH mMync- 
HHM BbicoKo;ii!cncpK:HWx MCTX^^MiICCKMX no- 

POUIKOB M Ml'Xt'T 6hITb HCliaib30iiaH0 npM 
npOH3BOACTBC C0p6CHTCB, KaTPJIM3aTOpOB, 6mO- 

nponapiiTOB, b nopoiDKOBOH McrxnyprnH npH 

naiyHCHHH HH3KOKpncnUUlHMeCKHX KepaMHMC- 
CKItX MaTCpHa.lOB M KOMn03MmfOHHbfX COiaBOB. 

riciyMCHHC BUcoKO.iHcncpcHbix McraAnnMc- 
CKMx nopotuKOB ocyiuccTBjiacTCJi nyrcM Harpcsa 

H aiCKTpMilCCKOrO B3pUBa MCTXXIMMeCKHX 
3arOTOBOK noa flCHCTBHCM aiCKTpHMCCKOrO T 

OKa. 

HaBcCTHu cnoco6u naiyticHHx McrsuuinHC' 

CKIIX nopOUJKOB, OCHOBaHMbie Ma AMcncpiTipo- 

BaHMH MCTa;uTM^ecKOH aaroroBKH npw 
nponycKaHHM no hch a/iCKxpHMccKoro TOf:a. 
McrajuiMHccKHc nopouiKM nojiyMaioT m3 Marc- 
pnajia 3;ieKTpo;^oB npH anaBnCHiiM hx ojickt- 
pimecKOH flyroH. Flo nareirry US 3529776 (B 
02 C 19/18) npcA^ojKeH cnoco6 nanyneHMfl 
Mcra/uiimecKHx nopooiKOB npH paap^tne McxAy 
sjiCKxpoAaMH B HHcpTHOM rasc. PasMcp 
naiyMacMtix namin npn 3tom cocTaB;ifleT 

0,1-1 MKM. 

B cnoco6e no/iyMCHMs MCTajLnHMecKMx 
nopouiKOB no narcHry SU 1639892 (B 22 F 
9/02. B 22 F 9/14) luiaBjicHHc 3anm)BKH 
ocyiuecTBjiaiOT KopoTKofi nyvoik s pacniiueHHOM 
noToxe ox;iaxAaiomefi HcjtrpajiMioft xhakoctm. 
no naTCHTy ' ys^' 5^ (B 22 F 9/00) 

:^3AeicTpcviyroBoft Harpes ocyiuecrajiaioT b kpH- 
. : oncHHOH XKAKocTM, TOK 30-330 A nponyocaxxr 
MCJKAy npoBOJioMHiiiMH aneKTpoaaMH. Flo aasB- 
KC Ma nareHT Jp 52-9615 3aitm)BKy b bhac 
JiCHThi m;im kriacraHM HcnpepuBHo noAaior 
Hc:^y 3;ickTpoAaMH k ocymccTBJiaiOT ce 
MMny;ibCHoe luiaMcmc b BaxyyMC kjih 
HcftTpajibRofl cpcac. 

- HaBecniue cnoco6u noascviflKyr naiynarb 
McraAnHMccKHe nopomKM c paaMepoM «iacnm 

0,1-1 MKM npH HH3KOM npOH3BQaKTe;i]>HOCTH 

npouccca. 

Boiec Bucoxyio flHcnepcHOCTb h npoKSBO- 
<aMTc;ibH0CTb o6ccneHMBaiOT cnoco6hi nanyMCHHJi 

MCraJUlHMCCKHX nopOUIKOB, OCHOBaHHbie Ha 

MMny.ibCHOM HarpcBc M KcnapcHHK 3araTOBOK 
- Ma MCToac ancKTpHMCCKoro BspuBa. 

MsBccreH cnoco6 nanyHCHHsi BucoKoaHcnep- 
CHbix Merxi^iHMCCKMx nopouiKOB nyrcM d;ickt- 
pHMccKoro B3puBa npoBojHMKOB (Ti, Ni. Nb, 
W» Al. Mo, Ta, Fe) b hhcpthom ra3C (Ar, 

He), npH nOBhIUICHHOM iiaBJICHMH [I, 2). 

K Hc;iocTaTKaM yKjaaHHoro cnoco6a otmo- 
cMTc» Cvieayiomcc. 

llHcpTHwc raau <Ar, He. Xc) mmciot 

MM3Ky»0 O-lCKTpHMCCKVIO npOMIIOCTb. B HJITb pa3 

MCHbiuc, MCM, HanpHMcp. B03ayx »un aaoT. 
Mto6!w tok npoTCKa.1 no npono.ioKc it npMBoaM.i 



K ce BapuBy, Hco6xoAHMo noAAep;KHBaTb b 
KaMcpc BhicoKoc jxuMCHiK r33a nopswxa 
10-10 ria. B pc3y>ibTaTe noBbioiaiorca 
y^apHhic HarpyaicK h Tpe6oBaHMJi k McxaHHqc- 
CKOH npoMHocTM Kawepbi BapfaiBa. C flpyroft 

CTOpOHhl, nOBUUlCHHOC AaB^ICHIte OrpaHHMHBaCT 

cKopocTb paaHa^ibtforo pactuHpeHHsi npoayKTOB 
aicKxpHMecKoro napuBa h yBciMMMBaer mx 

lUIOTHOCTb 06pa30BaHHC MaCTHU npOMCXOHMT 
npH nOBHIUCHHOfi KOMUCHTpaUMH, yBCJlHMMBa- 

WTCfl paaMcp MacTMu m oiMpHna pacnpcac;iCHHa 
lacTMu no pa3McpaM. B :yTMx ycTOBHJix 
no/iywacMbjH nopoiooK mmcct RM3Kyio aioiuaAb 

yACUIbHOH nOBCpXHOCTH. 

Sa^aHcA H3o6pereHHji nB^iaercfl noBumcHHc 
yACAbHOH noBepxRocTM MeTaA;iMMecKoro no- 
pomica H cro aKTMBRocrM, a raicxe noBumeHHe 
3KOHOMHHecKMx iioicaaaTejncft cnoco6a. 

yicaaaiiHbie peayjibTarw AocTMrawTca tcm, 
MTo MeraAnHMecKMii ncpooioK iKViyMaioT nyrcM 
aiexTpMHecKoro BspuBa Mera^i^iMHeacoil aaro- 
TOBKM B aTM0c4)epe aaora npH noHH;iceHHOM, 
HO npeBbimajomcM 13,3 Ha AaBACHHH. HpM 
AaB/ieHHK ascrra 13,3 Ha h Menboie BspuBa hc 
npoHCxoaiiT, T.r. aaroroBKa myHTHpyercH 
paapHAOM B OKpyxaiouicM cc raac. 

Ha <J>Hr, 1 noKaaaH anexTpHMccKHfi Konryp 
peannaauHH cnocoda. 

Ha <l)Hr. 2 noicaaaHa 4^>^iufOHajibHa5i 
cxeMa pca;iH3auMM cnoco6a. 

B MCxaaHoM coctouhhh KOHACHcarop 1 
(W. 1) 3ap««cH AO HanpMCHHi Vo, kjiion 
2 paaoMKHyr^ npoBQ^ioKa 3 noAaiia b aaaop 
. Me«Ay aAexTpoflawM 4 h 5. TTpM saMuicaHMH 
i^j^vjUiosa 2; [^paapajKacTcii scpea 

npoBonoKy 3 h^pomcxoamt Bapbn npoBOAOKH. 
BapuB ocymccTBAflioT b repMeniMHoA icaMepe 
6. 

npoBOTOxy 3 iknAaJOT b aaaop MCJMy 
anerrpQAaMH 4 h 5 HenpepuBHO c noMoo^bro 
BajiKOB 7 ((|)Hr. 2) h xaryuiKH c sanacoM 

npOBQ/IOKH 8. 3tO MOPKCT 6lilTb npOBQAOKa H3 

MHCTux MeTa;i;ioB (Al, Cu, W, Mo. Ni. Fc. 
Co, Ti. Ft, In, Ag, m tji.) mjih h3 paajiHMHbix 

ClUiaBOB. 

FcpMeTHMMyio xaMcpy B3pbiBa 6 npcABapn- 
TCibHO BaxyyMHpyioT BaKyyMHOH CHcreMoft 9 
H HanQ;iHjiK>T aacroM h3 raaoBOH CHcrcMbi 10. 
ZlaBvicHMe KOHTpo;»MpycTca c noMombio AarmiKa 
11 M noAacp^HBaioT b HyxHMx npcACAax. 

riocjie Tpc6ycMoro Ko;iHqecTBa BapuBos 
Hapa6oTaHHHM nopouiox co6HpaiOT h npoBOAur 
aHnjiH3bi co6paHHoro nopoiuxa: cocraB onpcAC- 

A^tOT pCHTrCHOCTpyXTypHblM aHaJlM30M H MC- 

TonaMH aHajiHTMMccKOH XHMHH, n.iomajh 
y;ic.ibHOM noBcpxHocTM onpcaCviJiioT McroAaMw 
HM3KOTCMnepaTypH0ft aACop6uMM h aicxxpoH- 

HOH MHKpOCKOnMM. 



5 2120353 
B Ta6^Mne npcncraiweHU aHaMCHHn ruo- 
maaM yAc-ibMOH nosepxHOCTM o6p33uoB a-iio- 
MWHHCBoro nopouiKa (S. mVd^ cocTasa k 
yaiOBHa hx naiyqeHHa: raa, aaiuieHHc rasa 
iPy ria). BBCACHHas B a;iioMHHHenyio npoBo- 
Jioicy 3HcprHJi w, OTHecciiHaa k dHepniH 
c>"6;iMMauMH ajifOMMHMa %t (w/wi), 

B KaKCCTBe npMMCp,l Bhl6pilM a.llOMHIIHil, 
nCTOMy MTO aJIIOMHHHH flB;i)ieTCfl O^HMM M3 

HaH6aiec bkthbhux McrajLioB, ;icnco o6pa3y- 
looiMx hktph;i. 

M3 ra&iHuu bhamo, hto no/iyMCHHC 
a;iiOMMHHCBoro nopouixa no npouaracMOMy 
cnoco6y cymccTBCHHO noButnacT luion^b 

yACflbHOH nOBCpXHOCTM. ripH AaB/ICNMU B 

KaMcpc BjpuBa P-I3,3 Ha m mchcc BapuBa 

SarOTOBKH HC npOHCXOaHT. T.k. 3i;iCKTpMMCCKKft 

TDK nporeKaer no oxpyxaiomcMy nposoroicy 
may. AHajiMa noicaauBaer^ vro cdmepxaHNc 
awTa B oniOMHHHeBOM nopoofKc icar hktpha' 
Horo TaK M ajKopSHpoBaHHoro, hc npcBumaer 
1,5 Mac.%. 

ripK HH3KOM A3B;ieHHM raaa aaoTMpoBaHHs 
HC npoHcxoriHT, 6uah nojiyncHu umAjmHc- 
CKHC nopomxH c cyMMapHUM ccmcpxauMCM 
aaora mchcc 0,1 Mac.%. 



ripca^iaracMuft cnoco6 6aicc 3K0H0MimcH 
He mibKo M3-3a McnaibaoBaHHsi 6o;iee jxcmc- 
Boro raaa, ho h HHaxoro azMCHHn b xaMcpc 

BapUBa M COOTBCTCTBCHHO nOHMXCHHUX Tpc6o- 
BaHHfl K MCXaHMMCCKO* OpOHHOCTH XaMCpW. • 

KaK bm;iho h3 TadrtHUu, no^yMCHHuc nopooiKM 
no npciviaracMOMy cnoco6y hc Tpe6yiOT 
BwcoKMx .iHcproaarpar. hc Tpc6ym bmcokmx 

3Ha4CHHU BBCJCHHOH JMCpfMH. 

TaxRM 06pa3OM, npcwiaracMuft ;cnbco<5 

DKOHOMMMCH H n03B0^JICT CymCCTBCHHo'yBC^M- - 

MHTb ruiomaAb yAc^bHoft noBcpxHocm nopdm- ? 

Ka. ■ C . • •<) 

HCTOHHMKM MH<tX>pMaLlHM 

1. r.n. TAaaynoB, B.fl. Kanuewi, JI.A. 

KopHHCHKO H Ap. HciCOTOpUC CBOACTU MtAKO- A 

AHcnpcpcHiiix nopomxoB, nonyMCHHUx auieicT' 

PH*ICCXHM BSPUBOM npOBOAMHKOB » raac 

BucoKono AaBACHRs. Borrpocbi aroMHoft HayxK 

H TCXHHKH. CcpHS '*AbT0H0MH0C MaTCpfiaJIOBC' 

ACHMc'', 1978, Bbin. l(l). c 21, -^^rjy 0^ 

2. IOj\. KoTOB, HA 5lBopoBCKkR.>HcCAc- y 
AOBaHMc •tacTMu, o6pa3yioimixcfl npii aiicicTpH- 

MCCKOM BapUBC npOBQAHMKOB. (J>H3HlCa M XHMHS 

o6pa6oTKM MarepMajiOB, N 4, 1978, c24-29. 



OOPMVJIA H30BPETEHHfl 



Cnoco6 nonyHcuMfl McrajURvcacMX nopoin- 
KOB nvTCM aineKtpHticcKoro B3]puBa McrajuiH- 
MccKoft aaroTOBKH B raaoBoA larm^ 
omAUHatou^u^cM tcm, mto n3pum ocymecn- 



AaioT B , aTMpc4)epc aaora nptf :^AaMCMiiM,^ 
npcBiiiiDbibtniCM 13,3 Oa.' •.^ ' ^fc^^V ; ^- 
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AproH 
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4,5 
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~» » 
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1.3 
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A30T 
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■ 13,0 


96 
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~» t ~ 
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1.2 
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(54) PROCESS FOR OBTAINING METAL POWDERS 

(57) Wire of pure metals (Al, Cu, W, Mo, Ni, Fe, Co, Ti, Pt, In and Ag. etc.) or of 
various alloys is continuously delivered in the gap between the electrodes by 
means of rollers, into the geometric chamber, which has been previously 
evacuated and filled with nitrogen. The detonation is conducted in a nitrogen 
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atmosphere under a pressure which exceeds 13.3 Pa. The application of the 
invention permits increasing the unit surface area of the powder and decreasing 
losses in its production. 1 table, 2 figures. 




Fig. 1 
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The invention relates to the field of obtaining highly dispersed metal powders 
and can be applied in the production of [ad]sorbents, catalysts, biological 
preparations, in powder metallurgy for obtaining low-crystalline ceramic materials 
and compound alloys. 

Highly-dispersed metal powders are obtained by the heating and electrical 
detonation of metal blanks under the action of an electric current. 

The obtaining of metal powders based on the dispersion of metal blanks by 
transmission of an electric current through them is well-known. Metal powders 
are obtained from electrode material by melting them with an electrical arc. 
According to U.S. Patent 3,529,776 (B 02 C 19/18), a method is proposed for 
obtaining metal powders by discharge between electrodes in an inert gas. The 
size of the obtained particles here amounts to 0.1-1 pm. 

In the process of obtaining metal powders according to the SU Patent 1,639,892 
(B 22 F 9/02. B 22F 9/14), blanks are melted by means of a short arc in a 
sprayed-in flow of cooling neutral liquid. According to U.S. Patent 5,294,242 (B 
22F 9/00), electric-arc heating is conducted in a cryogenic liquid, and a current of 
30-330 A is passed between the wire electrodes. According to Japanese Patent 
Application JP 52[1977]-9615, blank material in the form of a ribbon or sheet is 
continually supplied between electrodes and subjected to pulse melting in 
vacuum or neutral medium. 



The known processes permit obtaining metal powders with particle sizes of 0.1-1 
|jm with low process productivity. 

The methods for obtaining metal powders that are based on pulsed heating and 
evaporation of blanks, i.e., based on the method of electrical detonation, 
guarantee a higher dispersion and a higher productivity. 

A method is known for obtaining highly dispersed metal powders by means of 
electrical detonation of wires (Ti, Nl, Nb, W, Al, Mo, Ta, Fe,) in an inert gas (Ar, 
He), at elevated pressure [1 , 2]. 

The following is a disadvantage of the indicated process: 

Inert gases (Ar, He, Xe) have a low electrical strength, for example, five times 
lower than air or nitrogen. The fact that the current flows along the wire and 
leads to its detonation makes it necessary to maintain a high gas pressure of the 
order of 10^-10^ Pa in the chamber. As a result, shock stresses increase as 
does the requirement for the mechanical strength of the detonation chamber 
On the other hand, the increased pressure limits the velocity of radial expansion 
of the products of electrical detonation and increase their density. The particles 
are formed with increased concentration, the size of the particles increases, and 
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the range of particle-size distribution increases. Under these conditions, the 
powder that is obtained has a low unit surface area. 

The object of the invention is to increase the specific surface of the metal powder 
as well as its activity, and also to improve the economic factors of the process. 

The indicated results are achieved in that metal powder is obtained by means of 
electrical detonation of metal blank in a nitrogen atmosphere at a lower pressure, 
but one that exceeds 13.3 Pa. With a nitrogen pressure of 13.3 Pa and lower, 
detonation does not actually occur, i.e., the blank is shunted by the discharge in 
the gas surrounding it. 

Figure 1 shows the electrical diagram of the implementation of the process. 

Figure 2 shows the functional diagram of the process implementation. 

In the initial state, capacitor 1 (Figure 1) is charged up to a voltage Vq, switch 2 is 
opened, and wire 3 is introduced into the gap between electrodes 4 and 5, 
When switched 2 it closed, capacitor 1 discharges via wire 3 and the detonation 
of the wire occurs. Detonation takes place in hermetic chamber 6. 
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Wire 3 is continuously supplied into the gap between electrodes 4 and 5 by 
means of rollers 7 (Figure 2) and wire supply reel 8. This wire may be made of 
pure metals (Al, Cu, W, Mo, Ni, Fe, Co, Ti, Pt, In, Ag, etc.) or of various alloys. 

The hermetic detonation chamber 6 has been evacuated beforehand by vacuum 
system 9 and filled with nitrogen from gas system 10. The pressure is controlled 
by means of monitor 1 1 and controlled within necessary limits. 

After the required amount of detonation, the processed powder is collected and 
an analysis is conducted of the collected powder: the composition is determined 
by x-ray structural analysis and by methods of analytical chemistry, and the unit 
surface area is determined by methods of low-temperature adsorption and 
electron microscopy. 

The values for the unit surface area of samples of aluminum powder (S, m^/g), 
as well as the composition and conditions for obtaining these samples: gas, gas 
pressure (P, Pa), the energy w introduced into the aluminum wire, which is 
referred to aluminum sublimation energy Wg (w/w^), are presented in the table. 

Aluminum is selected as an example, due to the fact that aluminum is one of the 
more reactive metals that easily form nitride. 
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It can be seen from the table that the unit surface area for the aluminum powder 
obtained according to the proposed process substantially increases. With a 
pressure in the detonation chamber of P = 13.3 Pa and less, a detonation of the 
blank does not occur, i.e. the electrical current passes along the gas surrounding 
the wire. The analysis shows that the content of nitrogen in the aluminum 
powder as nitride, as well as absorbed nitrogen, does not exceed 1.5 wt.%. 

With a low gas pressure, nitriding does not occur, and metal powders with a total 
nitrogen content of less than 0.1 wt% were obtained. 

The proposed process is more economical not only because of the use of a less 
expensive gas, but also because of the low pressure in the detonation chamber 
and the consequently reduced requirements for the mechanical strength of the 
chamber. As can be seen from the table, obtaining powder according to the 
proposed process does not require high energy expenditure, and also does not 
require high quantities of introduced energy. 

Thus, the proposed process is economical and permits substantially increasing 
the unit surface area of the powder. 
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Sources of information 



1. G.P. Glazunov, VP. Kantsedal. L.A. Kornienl<o et al., Some properties of 
finely dispersed powders, obtained by electrical detonation of wire in high- 
pressure gas. Problems of Atomic Science and Technology. Series: "Self- 
contained" Materials Science", 1978, No. 1 (1), p. 21. 

2. Yu.A. Kotov, N.A. Yavorovskii. Investigation of particles formed in the 
electrical detonation of wires. Fizika i khimiya obrabotki materialov, No. 4, 1978, 
pp. 24-29. 

FORMULA OF THE INVENTION [CLAIM] 

The process for obtaining metal powders by means of the electrical detonation of 
metal blank in a gas atmosphere is characterized by the fact that detonation is 
conducted in a nitrogen atmosphere at a pressure which exceeds 13.3 Pa. 





;; 



Fig. 2 



* sic; "Atomic"?— Trans, note 
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Table 



Examole 
No. 


Gas 


P 10^ Pa 


w/w 

VV/ VVg 


O, III /u 


Al % 

Ml, /O 


iNoies 


1 


argon 


3.70 


1.5 


4.5 




orior art 


2 




3.70 


0.7 


1.3 


96 




3 


nitrogen 


0.47 


0.7 


13.0 


96 


proposed 
process 


4 


H 


0.47 


1.2 


29.4 


95 


(1 


5 


4( 


0.20 


0.7 


50.0 




(t 


6 




0.20 


1.1 


64.0 


97 


M 
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